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(54) ANGULAR VELOCITY SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an angular velocity 
sensor whose configuration is simple and whose sensitivity 
and accuracy are enhanced. 

SOLUTION: When an AC current is applied to a winding 15 
at a detection part 10, ferromagnetic parts 12, 13 are 
excited, and the respective ferromagnetic parts 12, 13 are 
vibrated (expanded and contracted) in the length direction 
due to a magnetostrictive effect When the ferromagnetic 
parts 12, 13 being vibrated are turned at an angular 
velocity <d, Coriolis' force Fc acts on the ferromagnetic 
parts 12, 13, a support member 11 is bent, and a stress 
acts on the ferromagnetic parts 12, 13 in such a way that 
the other out of the ferromagnetic parts 12, 13 is 
contracted when one out of them is expanded. Thereby, a 
difference is generated in the impedance of the 
ferromagnetic parts 12, 13 due to a reverse 
magnetostrictive effect Consequently, a high-frequency 
voltage Vs is applied across the ferromagnetic parts 12, 13 
by a high-frequency power supply 21, and the difference in 

a current flowing to the ferromagnetic parts 12, 13 is amplified by a differential amplifier 22. 
Thereby, the angular velocity cocan be found on the basis of the output of the differential amplifier 
22. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The long and slender supporter material which has the second parallel page, and the two 
long and slender ferromagnetic sections which have the magnetostrictive effect and reverse 
magnetostrictive effect which were prepared in said second page of said supporter material, 
respectively, The coil for being wound around the perimeter of said ferromagnetic section and 
vibrating said ferromagnetic section to a longitudinal direction according to a magnetostrictive effect 
by energization of alternating current, The angular- velocity sensor characterized by having a 
detection means to detect the signal according to the difference of the impedance of the two 
ferromagnetic sections produced according to a reverse magnetostrictive effect, according to bending 
of said supporter material produced by the Coriolis force which acts on said ferromagnetic section 
with angular velocity. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the angular- velocity sensor using the 
magnetostrictive effect and reverse magnetostrictive effect of a ferromagnetic. 
[0002] 

[Description of the Prior Art] Before, as an angular- velocity sensor, the thing using a piezo-electric 
ceramic component (only henceforth a piezoelectric device) is variously proposed like a piezo 
gyroscope. For example, with a piezo gyroscope, the piezoelectric device for a drive and the 
piezoelectric device for detection are attached in an oscillating object, an oscillating object is 
vibrated by the piezoelectric device for a drive, and the Coriolis force which acts on an oscillating 
object with angular velocity is detected using the piezoelectric device for detection. 
[0003] 

[Problem(s) to be Solved by the Invention] However, by the above conventional angular-velocity 
sensors, the output of the piezoelectric device for detection was small, for example, there was a 
trouble that sensibility was inferior in the amplifier which amplifies an output about 30 times being 
needed etc. Moreover, there was a trouble that structure was complicated, there were many erectors 
and cost became high. Furthermore, there was a trouble that a drift and offset were large and 
precision was inferior. 

[0004] This invention was made in view of this trouble, the technical problem is easy to constitute 

and it is to offer an angular- velocity sensor with high sensibility and precision. 

[0005] 

[Means for Solving the Problem] The long and slender supporter material which has the second page 
with the parallel angular-velocity sensor of this invention, and the two long and slender 
ferromagnetic sections which have the magnetostrictive effect and reverse magnetostrictive effect 
which were prepared in the second page of supporter material, respectively, The coil for being 
wound around the perimeter of the ferromagnetic section and vibrating the ferromagnetic section to a 
longitudinal direction according to a magnetostrictive effect by energization of alternating current, 
According to bending of the supporter material produced by the Coriolis force which acts on the 
ferromagnetic section with angular velocity, it has a detection means to detect the signal according to 
the difference of the impedance of the two ferromagnetic sections produced according to a reverse 
magnetostrictive effect. 

[0006] By this angular- velocity sensor, if alternating current is energized to the coil wound around 
the perimeter of the ferromagnetic section, the ferromagnetic section will vibrate to a longitudinal 
direction according to a magnetostrictive effect. The Coriolis force according to angular velocity acts 
on the ferromagnetic section under vibration, supporter material bends by this Coriolis force, and this 
arises in the impedance of the two ferromagnetic sections according to a reverse magnetostrictive 
effect at a difference. Therefore, it can ask for angular velocity by detecting the signal according to 
the difference of the impedance of the two ferromagnetic sections with a detection means. 
[0007] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail with reference to a drawing. 

[0008] The explanatory view and drawing 2 which show the configuration of the angular-velocity 
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sensor which drawing 1 requires for the gestalt of operation of the 1st of this invention are the top 
view of the detecting element in drawing 1 . As shown in these drawings, the angular- velocity sensor 
concerning the gestalt of this operation is equipped with the detecting element 10 attached in the 
candidate for measurement. The long and slender tabular supporter material 1 1 which a detecting 
element 10 is formed by the non-magnetic material which has a moderate elastic modulus, and has 
the second parallel page, The two long and slender tabular ferromagnetic sections 12 and 13 which 
have the magnetostrictive effect and reverse magnetostrictive effect which were prepared in the 
second parallel page of this supporter material 11, respectively, The polar zone 14 prepared in the 
both ends of each ferromagnetic sections 12 and 13, respectively, It was wound around the perimeter 
of the supporter material 1 1 and the ferromagnetic sections 12 and 13, and has the detecting element 
10 which has the coil 15 for vibrating the ferromagnetic sections 12 and 13 to a longitudinal 
direction according to a magnetostrictive effect (telescopic motion) by energization of alternating 
current. 

[0009] The ferromagnetic sections 12 and 13 are formed with the ferromagnetic which has alloys 
(for example, permalloy (trade name)), such as a nickel-Fe system and a Co-Fe system, amorphous 
** and a magnetostrictive effect, and a reverse magnetostrictive effect. Let the magnetostriction 
constant of a ferromagnetic be a larger value than 1x10-6. As an example of a presentation of such a 
ferromagnetic, Co65%, Fel0%, calciuml5%, and B10% are mentioned. The configuration of the 
ferromagnetic sections 12 and 13 is made into die length of 15mm, width of face of 0.1mm, and the 
thickness of 25 micrometers. As for the ferromagnetic sections 12 and 13, it is desirable to attach in a 
longitudinal direction possible [ sliding ] to the supporter material 1 1 so that it can vibrate to a 
longitudinal direction (telescopic motion). The polar zone 14 makes a silver paste (mixture of silver 
dust and organic nature hardening resin) adhere to the both ends of the ferromagnetic sections 12 and 
13, and is formed in them. In a coil 15, it is the excitation signal Vr with a larger frequency than 
100Hz by AC power supply 20. It is impressed. A detecting element 10 is fixed to a measurement 
part by using two near the both ends of the supporter material 1 1 as the supporting point 16, as 
shown in drawing 1 . 

[0010] The angular-velocity sensor concerning the gestalt of this operation responds to bending of 
the supporter material 1 1 fUrther produced by the Coriolis force which acts on the ferromagnetic 
sections 12 and 13 with angular velocity. As a detection means to detect the signal according to the 
difference of the impedance of the two ferromagnetic sections 12 and 13 produced according to a 
reverse magnetostrictive effect It is high-frequency voltage Vs to each ferromagnetic sections 12 and 
13. RF generator 21 to impress and this high-frequency voltage Vs It has the differential amplifier 22 
which amplifies the difference of the current which flows in each ferromagnetic sections 12 and 13. 
[001 1] Here, with reference to drawing 3 , the relation of the stress and the impedance which act on 
the ferromagnetic sections 12 and 13 of a detecting element 10 is explained. Here, as shown in 
drawing 3 , the component 30 which joined the ferromagnetic layer 32 to the whole surface of the 
long and slender tabular base 3 1 which has a moderate elastic modulus is considered. The 
ferromagnetic layer 32 has a magnetostrictive effect and a reverse magnetostrictive effect like the 
ferromagnetic sections 12 and 13. This component 30 is fixed to a measurement part with the field 
where the ferromagnetic layer 32 was joined considering two near the both ends of the base 31 in the 
opposite side as the supporting points 34 and 34. 

[0012] The alloy film and amorphous film of a ferromagnetic, such as a nickel-Fe system and a Co- 
Fe system, have a magnetostrictive effect, and although a magnetostriction constant (lambda) is 
**50xl0 to about six, it is clear to also have the reverse magnetostrictive effect from which magnetic 
properties, such as coercive force, an inductance, and permeability, change according to stress. 
[0013] Here, the relation between the stress in the ferromagnetic which has a reverse 
magnetostrictive effect, and permeability is considered. When stress is set to sigma in the case of 
**** magnetostriction, magnetoelastic energy (uniaxial anisotropy energy) E generated inside a 
ferromagnetic is expressed like the following (1) type (refer to the 130th page of ****** 
"ferromagnetism" (Shokabo Publishing, 1936 issue)). 
[0014] 

[Equation 1] E= (-3/2) and lambda-sigma ~ (1) 

[0015] Magnetoelastic energy E influences the permeability mu of a ferromagnetic, and has the 
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relation of the following (2) types (refer to the 187th page of the above-mentioned 

"ferromagnetism"). 

[0016] 

[Equation 2] mu**l/E - (2) 

[0017] Here, variation deltamu of permeability mu can be expressed like the following (3) types in 
approximation in the range, i.e., the range where the absolute value of magnetoelastic energy E is 
small, where the absolute value of stress sigma is small. 
[0018] 

[Equation 3] delta mu**E — (3) 

[0019] On the other hand, with the component 30 of structure as shown in drawing 3 , if external 
force F acts on a base 3 1 , a base 3 1 will bend and stress will act on the ferromagnetic layer 32. The 
relation between external force F and the stress sigma which acts on the ferromagnetic layer 32 is 
expressed like the following (4) types. However, k is a multiplier. 
[0020] 

[Equation 4] Sigma**k-F (4) 

[0021] (1) The following (5) types are drawn from a formula, (3) types, and (4) types. 
[0022] 

[Equation 5] delta mu**E**lambda-sigma**lambda-F — (5) 

[0023] Since variation deltaL of the inductance L of the ferromagnetic layer 32 is proportional to 

deltamu, the following (6) types are drawn. 

[0024] 

[Equation 6] deltaL**F - (6) 

[0025] Here, when measurement angular frequency is set to omega, the impedance Z of the 
ferromagnetic layer 32 is expressed with the following (7) types. However, R is resistance. 
[0026] 

[Equation 7] Z=R+j -omega-L - (7) 

[0027] (6) A formula and (7) types show that the inductance L and impedance Z of the ferromagnetic 
layer 32 change according to external force F. 

[0028] Drawing 4 impresses the high-frequency voltage of 13MHz among the both ends of the 
ferromagnetic layer 32, and when the 13MHz high frequency current is energized in the 
ferromagnetic layer 32, it shows an example of the result of having measured the relation between 
the stress (it being proportional to external force F) which acts on a component 30, and the reactance 
(omega-L) of the ferromagnetic layer 32. In addition, a left-hand side thing is used between two 
scales of the axis of ordinate of drawing 4 here, the reactance (omega-L) which determines the 
impedance Z of the ferromagnetic section 12 from this drawing in the range where stress (external 
force) is small — stress (external force) — responding ~ abbreviation — it turns out that it changes 
linearly. 

[0029] Moreover, as shown in drawing 3 , 200 times of the coils 35 which it comes to wind are 
formed for lead wire in the perimeter of a base 31 and the ferromagnetic layer 32. As the result of 
having measured relation with the reactance (omega-L) of the coil containing the stress, the 
ferromagnetic layer 32, and coil 35 which act on a component 30 when the 1MHz high frequency 
current was energized to this coil 35 was also shown in drawing 4 It became being the same as that 
of the relation between the stress which acts on the above-mentioned component 30, and the 
reactance (omega-L) of the ferromagnetic layer 32. In addition, a right-hand side thing is used 
between two scales of the axis of ordinate of drawing 4 here, therefore, the reactance (omega-L) 
which determines the impedance Z of the coil containing the ferromagnetic layer 32 and a coil 35 in 
the range where stress (external force) is small — stress (external force) — responding ~ abbreviation 
— it turns out that it changes linearly. 

[0030] Thus, if stress acts on the ferromagnetic layer 32, the impedance of the coil containing the 
impedance, the ferromagnetic layer 32, and coil 35 of the ferromagnetic layer 32 will change. If the 
same is said of the detecting element 10 in drawing 1 and stress acts on the ferromagnetic sections 12 
and 13, the impedance of the ferromagnetic sections 12 and 13 will change. 

[0031] Next, an operation of the angular-velocity sensor concerning the gestalt of this operation is 
explained. 
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[0032] In the coil 15 of a detecting element 10, it is the excitation signal Vr with a larger frequency 
than 100Hz by AC power supply 20. It is impressed and alternating current energizes to a coil 15. 
Thereby, each ferromagnetic sections 12 and 13 are excited and each ferromagnetic sections 12 and 
13 vibrate to a longitudinal direction according to a magnetostrictive effect (telescopic motion). 
Thus, if the ferromagnetic sections 12 and 13 under vibration rotate with angular velocity omega as 
shown in drawing 1 , in the ferromagnetic sections 12 and 13, it is Coriolis force Fc. It acts. If the 
ferromagnetic section 12 and the rate of vibration of 13 are set to v, it is Coriolis force Fc. Having 
the magnitude proportional to omegav, a direction turns into a direction which rotated the 90 degrees 
of the directions of a rate v in the direction opposite to the direction of angular velocity omega. The 
ferromagnetic sections 12 and 13 are Coriolis force Fc. The supporter material 1 1 bends by winning 
popularity, and when one side of the ferromagnetic sections 12 and 13 is extended, stress acts on the 
ferromagnetic sections 12 and 13 so that another side may be shrunken. Since the variation of the 
impedance of the ferromagnetic sections 12 and 13 differs by this while the impedance of the 
ferromagnetic sections 12 and 13 changes with reverse magnetostrictive effects, it is generated in the 
impedance of the ferromagnetic sections 12 and 13 at a difference. Therefore, it can ask for angular 
velocity omega by detecting the signal according to the difference of the impedance of the 
ferromagnetic sections 12 and 13. In order to detect the signal according to the difference of the 
impedance of the ferromagnetic sections 12 and 13 with the gestalt of this operation, it is high- 
frequency voltage Vs to each ferromagnetic sections 12 and 13 by RF generator 21. It impresses, the 
difference of the current which flows in each ferromagnetic sections 12 and 13 is amplified with the 
differential amplifier 22, and it can ask for angular velocity omega from the output of the differential 
amplifier 22. 

[0033] According to the angular-velocity sensor applied to the gestalt of this operation as explained 
above, since the configuration is easy, cost can be reduced. Moreover, since the signal according to 
the difference of the impedance of the same ferromagnetic sections 12 and 13 was detected while the 
configuration was easy, a drift and offset are small (most offset can be made zero), and precision 
improves. Furthermore, by the angular-velocity sensor concerning the gestalt of this operation, since 
the big output of 10 times or more is obtained [ the angular- velocity sensor using the conventional 
piezoelectric device ], sensibility improves. 

[0034] Drawing 5 is the explanatory view showing the configuration of the angular-velocity sensor 
concerning the gestalt of operation of the 2nd of this invention. The angular- velocity sensor 
concerning the gestalt of this operation is equipped with the detecting element 40 attached in the 
candidate for measurement. The detecting element 40 has the supporter material 41 formed by the 
non-magnetic material which has a moderate elastic modulus. The supporter material 41 arranges 
two long and slender plate-like parts 41a and 41b in parallel at the predetermined spacing, and is 
formed in the configuration which connected between the both ends of these plate-like parts 41a and 
41b. The two long and slender tabular ferromagnetic sections 42 and 43 which have the 
magnetostrictive effect and reverse magnetostrictive effect by which the detecting element 40 was 
formed in the second page with the still more nearly parallel outside of the plate- like parts 41a and 
41b of the supporter material 41, respectively, Coil 45a for detecting change of the impedance of the 
ferromagnetic section 42, while being wound around the perimeter of plate-like part 41a and the 
ferromagnetic section 42 and vibrating the ferromagnetic section 42 to a longitudinal direction 
according to a magnetostrictive effect by energization of the high frequency current (telescopic 
motion), It is wound around the perimeter of plate-like part 41b and the ferromagnetic section 43, 
and while vibrating the ferromagnetic section 43 to a longitudinal direction according to a 
magnetostrictive effect by energization of the high frequency current (telescopic motion), it has coil 
45b for detecting change of the impedance of the ferromagnetic section 43. The ferromagnetic 
sections 42 and 43 are the same as that of the ferromagnetic sections 12 and 13 in the gestalt of the 
1st operation, and the mounting arrangement for plate- like parts 41a and 41b of them is the same as 
that of the gestalt of the 1st operation. A detecting element 40 is fixed to a measurement part by 
using two near the both ends of the supporter material 41 as the supporting point 46. 
[0035] The angular- velocity sensor concerning the gestalt of this operation responds to bending of 
the plate-like parts 41a and 41b further produced by the Coriolis force which acts on the 
ferromagnetic sections 42 and 43 with angular velocity. As a detection means to detect the signal 
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according to the difference of the impedance of the two ferromagnetic sections 42 and 43 produced 
according to a reverse magnetostrictive effect RF generator 5 1 which impresses high-frequency 
voltage Vs to each coils 45a and 45b, and this high-frequency voltage Vs It has the differential 
amplifier 52 which amplifies the difference of the current which flows to each coils 45a and 45b. 
[0036] Next, an operation of the angular- velocity sensor concerning the gestalt of this operation is . 
explained. 

[0037] The high-frequency voltage of 1MHz is impressed to each coils 45a and 45b of a detecting 
element 40 by RF generator 51. This high-frequency voltage serves as the high-frequency voltage for 
detecting change of the excitation signal for vibrating each ferromagnetic sections 42 and 43, and the 
impedance of each ferromagnetic sections 42 and 43. By impression of this high-frequency voltage, 
each ferromagnetic sections 42 and 43 vibrate to a longitudinal direction according to a 
magnetostrictive effect (telescopic motion). Thus, if the ferromagnetic sections 42 and 43 under 
vibration rotate with angular velocity omega as shown in drawing 5 , in the ferromagnetic sections 

42 and 43, it is Coriolis force Fc. It acts. If the ferromagnetic section 42 and the rate of vibration of 

43 are set to v, it is Coriolis force Fc. Having the magnitude proportional to omegav, a direction 
turns into a direction which rotated the 90 degrees of the directions of a rate v in the direction 
opposite to the direction of angular velocity omega. The ferromagnetic sections 42 and 43 are 
Coriolis force Fc. The plate-like parts 41a and 41b of the supporter material 41 bend by winning 
popularity, and when one side of the ferromagnetic sections 42 and 43 is extended, stress acts on the 
ferromagnetic sections 42 and 43 so that another side may be shrunken. Since the variation of the 
impedance of the ferromagnetic sections 42 and 43 differs by this while the impedance of the 
ferromagnetic sections 42 and 43 changes with reverse magnetostrictive effects, it is generated in the 
impedance of the ferromagnetic sections 42 and 43 at a difference. Therefore, it can ask for angular 
velocity omega by detecting the signal according to the difference of the impedance of the 
ferromagnetic sections 42 and 43. With the gestalt of this operation, the difference of the current 
which flows to each coils 45a and 45b by impression of the high-frequency voltage by RF generator 
51 is amplified with the differential amplifier 52, and it asks for angular velocity omega from the 
output of this differential amplifier 52. 

[0038] The configuration of others of the angular- velocity sensor concerning the gestalt of this 
operation, an operation, and effectiveness are at the gestalt and this appearance of the 1st operation. 
[0039] In addition, this invention is not limited to the gestalt of each above-mentioned 
implementation, for example, the conditions of the configuration of the ferromagnetic sections 12, 
13, 42, and 43, an ingredient, etc. can be suitably set up according to an application etc. Moreover, 
the configuration of a detection means detects the phase contrast of the current which flows to the 
coils 45a and 45b in the phase contrast of a current and the gestalt of the 2nd operation which are not 
limited to what was shown in the gestalt of each operation, for example, flow in the ferromagnetic 
sections 12 and 13 in the gestalt of the 1st operation, and you may make it ask for angular velocity 
from this phase contrast. Moreover, for example, the ferromagnetic sections 12 and 13, the 
ferromagnetic section 42 and coil 45 a, the ferromagnetic section 43, and coil 45b are constituted, 
respectively so that it may be set to L (inductance) of LC (inductance capacitor) oscillator, and you 
may make it ask for angular velocity from change of the oscillation frequency of each LC oscillator. 
[0040] 

[Effect of the Invention] As explained above, according to the angular-velocity sensor of this 
invention, the ferromagnetic section is vibrated to a longitudinal direction according to a 
magnetostrictive effect. Since angular velocity was detected by detecting the signal according to the 
difference of the impedance of the two ferromagnetic sections produced according to a reverse 
magnetostrictive effect according to bending of the supporter material produced by the Coriolis force 
according to angular velocity Since a drift and offset become small while a configuration is easy, and 
sensibility improves, since a big output is moreover obtained compared with the angular-velocity 
sensor using the conventional piezoelectric device, the effectiveness that precision improves is done 
so. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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